Abstract. This paper presents a visualization modeling method of road 3D model for traffic simulation and driving simulation. With this method, the semi-automatic design of the road longitudinal curve can be realized, and the linearity test can be completed automatically according to the road design theory. The building block method has been used in this method to store the linear data of the road. Based on the constrained Delaunay triangulation theory, the automatic construction of the road 3D model and matching with the terrain model is realized. This paper introduces the main algorithms and data structure used in this method, and implements a 3D visualization modeling tool by using Qt, OSG and other software.
Introduction
With the development of traffic simulation and driving simulation, lots of the modeling tools have been developed. And several famous road design systems even have 3D modeling functions, such as INRoad, RoadCAD, CARD/1, MX and so on [1] . At the same time, researches have been carried out in 3D modeling. Paper [2] uses a 3D automatic modeling method to convert the data of the linear elements into the required 3D model automatically, but the linear elements are simulated by the cubic Bezier curve. Paper [3] analyzes the detailed steps of how to design the road curve by arc length and angle, but the stitching problem between the road model and the terrain model is not involved. Based on Constrained Delaunay Triangulation theory, paper [4] realizes the complete Splicing of road model and terrain, but doesn't involve a visualization modeling method. This paper uses a visualization modeling method, Qt and OSG to develop a 3D visualization modeling tool for road 3D modeling. Firstly, terrain model is imported, and then pile points are set on the terrain through the visualization tool. Secondly, according to Highway Alignment Design Standard, horizontal and vertical curves of the road model are designed and then be converted to a 3D curves. Finally, the constrained Delaunay theory are used to realize the road and terrain modeling together.
Design of Road Route
The line shape mainly refers to the spatial line shape of the road center line. The plane line of the road, which is called the plane curve, is the projection of the road line shape on the horizontal plane. And the vertical line, which is referred to as the vertical curve, is cut along the center line and expands to form the vertical section line shape [5] .
Design of Plane Curve
The design of plane curve is to study the rational use of three linear elements such as straight line, circular curve and gyroscopic line from the perspective of linear design. Based on various specific conditions such as terrain, features, geology and landscape changes, technical indicators is ingeniously selected for combined design and coordination [5] . Generally, the basic composition of the plane curve is made of straight line, gyroscopic line, round curve, gyroscopic line and straight line. The structure of the road plane curve is shown in Figure 1 .
The calculation formula for each type of curve in Figure 1 is as follows:
1) Straight line
The straight line is one of the basic elements of the plane curve design. It has the characteristics to link two control points and the line shape with the shortest distance. The starting point coordinate of the straight line is A, and the ending point is B, which is the intersection point of the front straight line and the front turning line. If the sampling interval is step , the calculation formula of the i-th point on the straight line is
2) Gyroscopic line A gyroscopic line is a transitional section in which the radius of curvature gradually changes from the infinity of the radius on the line to the value of the circle curve. The gyroscopic line is divided into a front gyroscopic line and a rear gyroscopic line. The front gyroscopic line is a gyroscopic line whose curve expects your curvature to be smaller than the end point curvature. The rear gyroscopic line is the gyroscopic line whose curve starting point curvature is larger than the curvature of the end point of the curve.
A coordinate system is established by taking the starting point B of the whirling line as the origin, taking   BJ as the positive direction of the x-axis and taking vertically opposite
 
BJ toO direction as the y-axis. Then the formula for calculating any point on the front gyroscopic line is [5] : 
Where: m l is the arc length from any point on the circular curve to the end of the gyroscopic curve, and its limit is
;q is the value added of the tangential line, and the formula is
 is the internal shift value of the radius of the circle [5] , and the formula is 
4) Constraints of plane curves
According to the relevant requirements of "Highway Route Design Standard" [5] and the actual geometric meaning of each element in Figure 1 , constraints are added as follows:
Where: is the total length of the tangent, and the formula is 
T R R q;  0 is the maximum relaxation curve angle [5] , and the formula is  
5) Coordinate transformation
Since the calculation of the coordinate values of the gyroscopic curve and the circular curve is a coordinate system built on the gradual curve, the coordinate transformation is performed to the actual terrain coordinates, and the coordinate transformation diagram is shown in Figure 2 .
The point obtained by the calculation formula of the gyroscopic line and the circular curve coordinate is the point ( , ) P m n in Figure 2 . In order to convert ( , ) P m n to ( , ) P x y , ( , ) P m n should be orthogonally decomposed into the X and Y axes. The conversion formula is:
Where: is the angle of  0 P P and n-axis;  is the angle n-axis and x-axis。 Since  and  may be on the same side or different sides of the x-axis, the calculation must be judged first when using the formula.
Design of Vertical Curve
In order to ensure the safe and smooth running of the vehicle at the turning point, a vertical curve is needed to connect the two adjacent slope sections. Vertical curve can be parabola or circular curve. And parabola is more convenient in design and calculation. Generally, the quadratic parabola is used [6] . Vertical curve can be divided into convex vertical curve and concave vertical curve, as shown in Figure 3 . And the calculation elements of vertical curve are shown in Figure 4 .
The points on the parabola between point A and point J are computed as follows：
Where: l is the distance from point P to point A or B on the curve; h Represents the vertical distance from any point on the tangent to the vertical curve, and its formula is The points on the parabola between point J and point B are computed as follows：
According to the relevant requirements of "Standard for Road Alignment Design" [5] and the actual demand of the highway, the factors on the vertical curve are limited as follows:
Establishment of Road 3D Model
The plane curve describes the line shape of the road, while the vertical curve describes the elevation of the road. Both of the plane curve and the vertical curve are combined and the 3D curve of the road is obtained. Then through constrained Delaunay triangulation theory, complete road model is established.
Storage of Plane Curve Data
When the data points on each segment of the plane and vertical curve is obtained, it should be first judged whether the input driving speed, the plane curve radius, the length of the gyroscopic line, etc. are reasonable. Then, the value of each element of the horizontal curve is calculated with the input pile point, and the constraint conditions are brought in to judge whether the input pile point information is reasonable. If it is reasonable, the calculation flow of plane curve data is shown in Figure 5 . Since the segments on the plane curve cannot be calculated by a uniform formula, and according to Figure 1 , the steps for storing the plane curve data by building block method are as follows [7] :
Step 1: Starting point A is stored;
Step 2: Before the intersection point B, which is the section point of the front straight line and the front section gyroscopic curve, according to the formula of any point on the front line, the sampling point is calculated and stored with a frequency in steps of one, and the B point is stored when the B point is reached.
Step 3: Before the intersection point C, which is the section point of the front curve and the circular curve, according to the calculation formula of the point on the gyroscopic curve, l takes a value from 0, and the sampling point is calculated and stored with a frequency in steps of one, and the C point is stored when the C point is reached.
Step 4: Before the intersection point E, which is the section point of the circular curve and the posterior gentle circular curve, according to the calculation formula of the point on the gyroscopic curve, m l takes a value from 0, and the sampling point is calculated and stored with a frequency in steps of one, and the E point is stored when the E point is reached.
Step 5: Before the intersection point F of the rearward gyroscopic curve and the rear straight line, according to the calculation formula of the point on the gyroscopic curve, l takes a value from m l , and the sampling point is calculated and stored with a frequency in steps of one, and the F point is stored when the F point is reached.
Step 6: After this round of calculation, there are still remaining input pile points that have not been calculated, then the calculated E point is used to replace the starting point A of the next round of calculation, and the calculation is recalculated from step 1. If there are no remaining pile points when this round of calculation is completed, step 7 is carried out.
Step 7: Before the end point G of the rear straight line, according to the calculation formula of the point on the rear straight line, and the sampling point is calculated and stored in the frequency decreased by 1 step, and the G point is stored when the G point is reached.
Calculation of Vertical Curve Data
The vertical curve describes the elevation information of the road. In order to calculate the vertical curve, firstly, the turning point should be obtained from the elevation information of the terrain corresponding to the points on the plane curve. The turning point is used as the pile point for calculating the vertical curve, and the turning point is the intersection of two adjacent longitudinal slope lines with different slopes on the longitudinal section. It can be concluded that the turning point is a local maximum or minimum point, and the turning point can be obtained by comparing the elevation data with the two data in turn.
It should be judged whether the constraint is satisfied according to the input driving speed, the vertical curve radius and the calculated pile point. If it is satisfied, the point on the vertical curve is calculated according to the vertical curve segmentation calculation formula. The obtained point data is used as the elevation information of the road to obtain the complete road longitudinal and vertical curve data. If it is not satisfied, the data of the longitudinal curve of the road will be recalculated.
Establishment of Road 3D Models
The synthesis algorithm of constrained Delaunay triangulation which is constructed dynamically in paper [8] , and using osgUtil::Delaunay Triangulator class, as well as the implementation method in OSG system is used to construct the boundary constraints with the data of road 3D model. Then the points in terrain are traversed and the points in constraints are deleted. Finally, the constrained triangular network is reconstructed and complete modeling of road 3D model and terrain model is realized [9] . The main process of its realization is as follows:
Step 1: A linear constraint class roadConstraint is derived from the osgUtil::DelaunayConstraint class, and the properties of the constraint in the class is set;
Step 2: A triangulation object to access is set up and all the points on the terrain are added;
Step 3: A linear constraint object is set and data information of the road model is added;
Step 4: A linear constraint object to the triangulation object is added;
Step 5: Triangulation objects is reconstructed;
Step 6: The triangle in the area is removed;
Step 7: The constrained triangular network is reconstructed and the overall modeling of the road 3D model realized. 
Experimental Examples
The whole project is developed by Qt and OSG [10] . The operating procedures of the visualization modeling tool is shown in Figure 6 .
Firstly, a terrain model with 40*40 points and size of 3000*3000 pixels is added into the scene. Secondly, 5 pile points are added to the terrain through the mouse. The plane curve is calculated by the 5 pile points, which is shown in Figure 7 . The road 3D curve, which matches the terrain is calculated by the vertical curve and is shown in Figure 8 .
Thirdly, the width of the road is set to 10, and the osgUtil::Delaunay Triangulator class is used to add the road data as the boundary constraints condition of constrained Delaunay triangulation. Finally, the Delaunay triangulation is reconstructed and complete modeling of road 3D model and terrain model is realized. The entire road model is shown in Figure 9 and the local road model is shown in Figure 10 . 
Conclusion
This paper uses a visualization modeling method, Qt and OSG to develop a 3D visualization modeling tool for road 3D modeling, and realizes loading and editing the terrain model under the 3D scene. At the same time, this paper realizes how to calculate the horizontal and vertical curves of the road curve and how to match of the road model and the terrain model. Finally, the visualization modeling of the road 3D model is realized. The visualization modeling tool can generate the required road 3D models quickly, and greatly improve the efficiency of building road 3D models for traffic simulation and driving simulation.
